INTRODUCTION

Background
The Truckee River, located in eastern California and western Nevada, is facing increased stress due to continued growth in the Reno and Sparks urban areas. Studies by Nowlin (1987) and Caupp and others (1997) as well as current efforts are being used to understand the dynamic processes that control the quality of water in the river. Models are currently being developed that will give regulatory agencies the necessary information to better manage the river and enhance water quality, especially downstream from the Truckee Meadows (Caupp and others, 1997 ).
An important water-quality characteristic of any river is its ability to absorb oxygen from the atmosphere. This ability to absorb oxygen is known as reaeration and can be expressed with a term designated the "reaeration-rate coefficient" (Kilpatrick and others, 1989) . The reaeration-rate coefficient is an important component of water-quality models that deal with dissolved oxygen. Allowable discharges from waste-water treatment facilities that will not adversely affect the water quality of a stream are calculated using the reaeration-rate coefficient (Melching and Flores, 1999) . Nowlin (1987) reported calculated reaeration-rate coefficients for the Truckee River, downstream from Reno and Sparks, ranging from 2.52 to 17.1 per day for streamflow ranging from 47 to 380 ft/s, respectively. These reaeration-rate coefficients were calculated using measurements made with the gas-tracer method, with ethylene as the tracer gas.
Purpose and Scope
The purpose of this report is to present hydrologic data collected during two reaeration studies done on August 30 and September 1, 1999. These studies involved data collection from two separate reaches on the Truckee River, the upper reach from Lockwood to below Tracy (lower bridge), Nev., and the lower reach from Wadsworth to Dead Ox Wash, Nev. Also presented are reaeration-rate coefficients calculated from these data and coefficients reported in a previous study done in 1979 -80 (Nowlin, 1987 .
PROPANE GAS AND DYE INJECTION AND WATER SAMPLING
Two reaches of the Truckee River were selected for study: the upper reach from Lockwood to below Tracy (lower bridge) and the lower reach from Wadsworth to Dead Ox Wash ( fig. 1 and table 1 ). Propane gas was used as a tracer for the reaeration studies described herein. The studies were carried out using the procedures detailed by Kilpatrick and others (1989) and Kilpatrick and Wilson (1989) . Propane gas was introduced into the stream using two 100-lb gas cylinders, a regulator, a flowmeter, and four ceramic platê difrusers (total surface area of about 400 in ). Difrusers were placed in flowing water at depths of 3.5 to 4 ft. The calculated injection rate is a function of stream discharge, stream velocity, stream depth, travel time to the sampling point furthest downstream, and the absorption efficiency of the propane gas. The injection rate also is affected by physical limitations of the delivery system. Air temperature was the limiting factor in the injection rate of propane at Lockwood. The injection rate of propane was approximately 30 L/min at Lockwood and 40 L/min at Wadsworth. Each of the reaeration studies involved the injection of a dye tracer, as well as the propane gas discussed above, to determine if processes other than desorption were removing propane gas from the stream. Differences in total dye mass from upstream to downstream can be used to account for losses of propane from mechanisms other than desorption. Losses of propane gas can be due to backwaters and diversions of streamflow from the river. Propane concentrations also can be reduced by dilution from inflow to the river. During the study, the total of inflows and diversions, in the reaches investigated, was less than the error associated with the streamflow measurements.
The dye tracer used in the Truckee River was rhodamine WT, a nontoxic and conservative fluorescent red chemical dye. A solution of dye was made in the laboratory by mixing equal volumes of water and concentrated rhodamine dye. This dye solution was injected at a constant rate (approximately 140 mL/min) into the centroid of flow at the same time propane gas was injected. The times of dye and propane gas injection, streamflow, dye concentration, and dye volumes are listed in tables 2 and 3. Total masses of dye injected into the river at Lockwood and Wadsworth are listed in table 4.
Water samples for propane gas were collected at three locations downstream from Lockwood and two locations downstream from Wadsworth ( fig. 1) . At each location, water samples were collected in 40-mL glass vials using a self-purging sampler described by Kilpatrick and others (1989) . Duplicate samples were collected at all sampling times. Each 40-mL vial, while submerged beneath the water in the sampler, was injected with 1 mL of formalin solution as a preservative, and then capped. Frequency of watersample collection for propane gas analysis was determined by the concentration of rhodamine WT dye in the stream (tables 2 and 3, and figs. 2 and 3). During the time period of the peak rhodamine dye concentration, samples were collected every 5 minutes. Selected water samples were sent to the USGS laboratory in Ocala, Fla., for propane analysis using gas chromatography.
CALCULATION OF REAERATION-RATE COEFFICIENTS
Reaeration-rate coefficients were calculated using equation 1 (Kilpatrick and others, 1989 ) and data in tables 2-4. The calculations are based on the rate of desorption of propane gas from the river. Water temperature, dye loss, and travel time between sampling points are important factors in the equations that determine the reaeration-rate coefficient of a stream. The propane desorption-rate coefficient, KPy, in per day, at ambient stream temperature, y, can be calculated by:
24 In (1) where tdand tu are the downstream and upstream times of peak dye concentration from the midpoint of dye injection period, respectively, in hours; 24 is a conversion factor from hours to days; Cg is the concentration of propane gas at the peak dye concentration, in micrograms per liter; Cp is the observed peak dye concentration, in micrograms per liter; and Rr is the dye recovery ratio.
The dye recovery ratio, Rr is the ratio of the weight of dye recovered at the downstream site and the weight injected upstream. The propane-desorption rate coefficient is related to the reaeration-rate coefficient, K2^ at temperature y by 1 .39KPj (Kilpatrick and others, 1989) .
Typically, the reaeration-rate coefficient is expressed at a standard temperature of 20 °C. Adjustment of the calculated reaeration-rate coefficient from the ambient stream temperature to 20 °C was accomplished using the following formula
where K2 2G is the reaeration-rate coefficient expressed at 20 °C, and K2y is the reaeration-rate coefficient as measured by tracer gas at stream temperature y (Kilpatrick and others, 1989) .
Propane gas concentrations were below the laboratory reporting limit of I jig/L for furthest downstream sites in each reach, just below Tracy (lower bridge) and Dead Ox Wash. Accordingly, no reaeration-rate coefficients were calculated for reaches where propane was not detected.-The data used in equations 1 and 2 and the calculated reaeration-rate coefficient are listed in tables 4 and 5. The reaeration-rate coefficient for the reach of the Truckee River between Mustang Bridge No. 2 and Patrick (McCarran Bridge) on September 1, 1999, was 15.6 per day at a mean streamflow of 570 ft3/s. Nowlin (1987) reported reaeration-rate coefficients ranging from 2.52 to 17.1 per day for streamflows ranging from 47 to 380 ft/s. The reaeration-rate coefficient for the reach between Mustang Bridge No. 2 and Patrick (McCarran Bridge) calculated from data collected during this study was plotted against the coefficient calculated using the relation developed by Nowlin (1987;  fig. 4 ). This relation is
where C is the oxygen escape coefficient (4,370 for the Truckee River),
S is the stream slope, and v is the average velocity in the reach unit, in feet per second.
The stream slope used for this reach was 0.00108 (Glen Hess, U.S. Geological Survey, written commun., 2000) . The average velocity determined by streamflow measurements was 2.72 ft/s.
SUMMARY
Data collected from previous studies, as well as from current efforts are being used to understand the dynamic processes that control the quality of water in the Truckee River. An important water-quality characteristic of any river is its ability to absorb oxygen from the atmosphere. This ability to absorb oxygen is known as reaeration and can be expressed using a reaerationrate coefficient. The coefficient calculated for the reach of the Truckee River between Mustang Bridge No. 2 and Patrick (McCarran Bridge), from field tests completed on September 1,1999, was 15.6 per day at a temperature of 20 °C. Reaeration-rate coefficients were not calculated for the reaches between Patrick (McCarran Bridge) and below Tracy (lower bridge) and between S-Bar-S and Dead Ox Wash. Streamflow and streamtemperature ranges on August 30 and September 1, 1999, were 446 to 647 ft3/s and 14.0 to 21.5 °C, respectively. 1 Travel times are from midpoint of dye injection period to peak dye concentration at recovery site. 2 Propane gas concentration at downstream sampling sites was less than the analytical reporting limit of 1.0 |Jg/L, thus reaeration-rate coefficients could not be calculated. Figure 4 . Reaeration-rate coefficient for the Truckee River between Mustang Bridge No. 2 and Patrick (McCarran Bridge) determined from this study versus the coefficient calculated using the data from this study and the relation developed by Nowlin (1987) . Data from Nowlin (1987) , a previous study on the Truckee River, also are plotted.
